Diethylstilbestrol (DES) was first synthesized in 1938 and was the first orally active nonsteroidal estrogen that could be used for human therapy [1] . At that time, endocrinology was in its infancy and this discovery was a unique and great advance. Recurrent pregnancy loss was a serious medical problem then as it is now. It was believed the problems were due to a faulty hormonal environment of the fetal-placental unit, rather than primarily to genetic causes, as we have subsequently learned. There were studies at that time indicating that compromised pregnancies had a deficient output of the hormone progesterone, and further studies conducted in the late 1940s in Boston using very crude measuring techniques suggested that this deficiency could be corrected by administering DES to the mother, which would then lead to a healthy pregnancy. These studies led to the widespread usage of the drug to prevent pregnancy loss [2] [3] [4] .
The initial examination of the newborns born to mothers treated with DES during pregnancy showed no abnormalities (C. Smith, personal communication). The treatment, however, was controversial. (A unique double-blind study conducted at the University of Chicago in the early 1950s failed to show any improved pregnancy outcome with DES therapy [5] . This study, while negative, was conducted on a healthy pregnant population, which was different than the Boston Study, which was conducted on a high-risk population with a history of bleeding in pregnancy or multiple pregnancy losses.) An additional problem is that the hormone assays in the Boston Study were later found to be faulty and not to actually measure progesterone (Louis L. Engel, PhD, personal communication). It is believed that DES continued to be heavily used in the 1960s, and it has been estimated that 2 to 4 million women in the United States took DES during pregnancy [6] .
Then, in the late 1960s, eight extraordinarily rare cases of clear cell adenocarcinoma (CCA) of the vagina were diagnosed and treated in women in their teens and early 20s in the Boston area [7] . No such cluster of cases in young patients had ever been seen previously. CCA of the vagina was known to be a cancer that rarely occurred even in older women. In an effort to understand the cause of this cluster, a case-control study was conducted at the Massachusetts General Hospital in 1971 that linked the appearance of these cancers to the patients' mothers having been treated with DES for pregnancy complications or having had a history of prior miscarriages [8] . This study resulted in the Food and Drug Administration's (FDA) proscribing the use of DES for pregnancy support in 1971 [9] . To centralize data collection and to study the epidemiologic and clinical aspects of CCA of the vagina and cervix in DES-exposed young women, Dr. Robert E. Scully and I established the Registry for Research on Hormonal Transplacental Carcinogenesis in Boston in 1971 [10] . Further studies of patients with DES-associated CCA of the vagina and cervix showed that the cancers were rare among the DESexposed, estimated to occur in about 1 per 1,000, with the average age of diagnosis being 19.0 years [11, 12] .
Subsequently, DES use during pregnancy was associated with other adverse health effects in the exposed female offspring, including an increased frequency of anatomic problems in the female genital tract. These included cervicovaginal ridges, cervical hoods [13] , and the underdevelopment of the cervix, all of which led to pregnancy complications including premature birth of offspring of the DES-exposed daughters [14] . Evaluations of DES-exposed daughters who did not have CCA showed a high prevalence of vaginal adenosis (benign glands in the vagina), and this finding was correlated with the time during pregnancy that the mother began DES treatment [15] .Vaginal adenosis was also found to be associated with the development of vaginal CCA [16] . DES-exposed daughters were found to have abnormally shaped uteri, which led both to infertility problems and premature births of their offspring [17, 18] . Additional follow-up of DESexposed mothers and daughters showed that each group appeared to have an increased risk of developing breast cancer [19] [20] [21] [22] .
Most recently, National Cancer Institute (NCI) collaborative studies showed that in-utero exposure of women to DES is associated with a high lifetime risk of a broad spectrum of adverse health outcomes, including an increased risk of breast cancer in daughters 40 years of age and older [22] . For DES-exposed sons, an increased risk of cancer has not been demonstrated [23] but they do have increased prevalence of maldescent of the testes, epididymal cysts, hypotrophic testes, and varicoceles [24] [25] [26] [27] . This unique population continues to be studied long-term in a multi-institutional study by the National Cancer Institute, both to monitor the possible adverse health effects of DES in this population and to clarify which potential adverse effects are statistically significant and therefore of increased medical concern in this population. Some areas of concern include possible increased rates of cancers other than those cited previously, autoimmune diseases, and cardiac problems [28] .
The DES granddaughters (third generation) are also being studied, and initial results showed that exposed granddaughters started their menstrual periods at a later age and were more likely to have irregular cycles than their unexposed peers, but they reported similar reproductive outcomes [29] . Thus far no other adverse health events have been demonstrated in this group. Regarding third generation DES-exposed sons, some studies have suggested an increased risk of hypospadias, a finding which has not been confirmed in subsequent studies [30, 31] .
The CCA cases are currently being evaluated at the Registry for Research on Hormonal Transplacental Carcinogenesis. This registry, initially established in Boston [10] , is now housed at the University of Chicago. Cases being accessioned are all cases of CCA of the vagina and cervix diagnosed in women born since 1948, whether or not there is a history of in-utero DES exposure. Thus far, more than 700 cases have been accessioned. Cases diagnosed at an early stage have been cured but cases diagnosed at a late stage have usually been fatal. About two-thirds of the cases have a history of exposure to DES [32] and most have developed in women under the age of 30 years, but the cancers are still occurring in older DES-exposed women, the oldest of whom was 62 years of age at the time of diagnosis. In addition, all cases of adenocarcinoma of the fallopian tube occurring in DES-exposed daughters are being accessioned. This is a tragic example of a therapy that looked promising and was based on the best (but faulty) scientific evidence available at the time, which led to the widespread use of a treatment that the physician anticipated would help the patient have a successful pregnancy. However, due to the sensitivity of the developing fetus to an externally administered artificial hormone, unanticipated and severely adverse consequences developed. The physicians who prescribed DES were following what appeared to be accepted medical therapy that was based on published studies. Unfortunately, these studies were not based on the type of rigorous evaluation that is available today. There is still a risk of prescribing treatments that anecdotally appear promising but are not scientifically proven. This is a particular risk among infertility patients and obstetrical patients due to the "need" to have a positive outcome. The DES saga, in the opinion of the authors, provides a strong reason to support the use of carefully constructed scientific trials to evaluate new therapies, and this admonition is particularly applicable to the pregnant patient, since the fetus is often more sensitive than the living offspring to outside influences. 
